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(54) DIFFUSION POLARIZING MEMBER AND LIQUID CRYSTAL DISPLAY 



(57) A diffusing/polarizing member (1) is provided 
which comprises a laminate (1) of a reflective polarizer 
(12) which separates incident natural light into a reflect- 
ed light comprising a polarized light and a transmitted 
light, and a diffusing layer (11), wherein the reflective 
polarizer and the diffusing layer, when viewed from a 
slantwise direction, have respective colors which are 
complementary. Also provided is a liquid crystal display 



having the diffusing/polarizing member. In this diffusing/ 
polarizing member, the color of the reflective polarizer 
viewed from a slantwise direction is negated by the color 
of the diffusing layer, these colors being complementary, 
whereby the member as a whole can be reduced in col- 
oration when viewed from a slantwise direction. Thus, 
a reflective, semi-transmitting, or another liquid crystal 
display reduced in display unevenness, e.g.. coloration 
in viewing from a slantwise direction, can be provided. 
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Description 

Technical Field 

[0001] The present invention relates to a diffusing/polarizing member which can inhibit coloration in viewing from a 
slantwise direction, can attain bright displays, and is suitable for use in, e.g., fabricating a reflective or semi-transmitting 
liquid crystal display. 

Background Art ; > 

[0002] Reflective or semi-transmitting liquid crystal displays have hitherto been known which employ a reflective 
polarizer comprising a linearly polarized light separator or circularly polarized light separator which separates incident 
natural light into a reflected light consisting of a polarized light and a transmitted light. However these liquid crystal 
displays have had a problem that when they are viewed from a slantwise direction, white or black pictures assume a 
color. 

[0003] The coloration in the case of a linearly polarized light separator is attributable to the scattering caused by a 
birefringent multilayered film. In the case of a circularly polarized light separator, the coloration is attributable to diffi- 
culties in maintaining the parallelism of the axis of polarization and the axis of retardation of a quarter wavelength plate 
in all directions. 

[0004] An aim of the invention is to develop a diffusing/polarizing member which enables the fabrication of a reflective, 
semi-transmitting, or another liquid crystal display reduced in display unevenness, e.g., coloration in viewing from a 
slantwise direction. 

Disclosure of the Invention 

[0005] The invention provides a diffusing/polarizing member, characterized in that it comprises a laminate of a re- 
flective polarizer which separates incident natural light into a reflected light comprising a polarized light and a transmitted 
light, and a diffusing layer, and the reflective polarizer and the diffusing layer, when viewed from a slantwise direction, 
have respective colors which are complementary. The invention further provides liquid crystal displays, characterized 
by having the diffusing/polarizing member. 

Brief Description of the Drawings 

[0006] 

Fig. 1 is a sectional view of an embodiment of the liquid crystal displays. 
Fig. 2 is a sectional view of another embodiment of the liquid crystal displays. 

Best Mode for Carrying Out the Invention 

[0007] The diffusing/polarizing member of the invention comprises a laminate of a reflective polarizer which separates 
incident natural light into a reflected light comprising a polarized light and a transmitted light and a diffusing layer, 
wherein the reflective polarizer and the diffusing layer, when viewed from a slantwise direction, have respective colors 
which are complementary. 

[0008] As the reflective polarizer can be used a suitable one which has such a characteristic property that when 
natural light is caused to strike thereon, it reflects a linearly polarized light having a given polarization direction or a 
circularly polarized light having a given direction and transmits the other 'components of light. Examples thereof include 
a linearly polarized light separator which characteristically transmits a linearly polarized light having a given polarization 
direction and reflects the other components of light, such as a multilayered thin film of a dielectric and a laminate 
composed of thin films differing in refractive index anisotropy, a circularly polarized light separator which characteris- 
tically reflects either a left-hand circularly polarized light or a right-hand circularly polarized light and transmits the other 
components of light, such as a cholesteric liquid crystal layer, in particular an oViented film of a cholesteric liquid crystal 
polymer, and a structure comprising such an oriented liquid crystal layer supported on a film substrate, and the like. 
[0009] The circularly polarized tight separator may, for example, be one which has a laminate comprising a combi- 
nation of two or more superposed cholesteric liquid crystal layers differing in reflected-light wavelength so that it char- 
acteristically reflects/transmits a circularly polarized light in a wide wavelength range such as, e.g., the visible light 
region. 

[0010] Besides being used for supplying a circularly polarized light, the circularly polarized light separator in the 
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constitution described above may be used in combination with a retardation film for the purpose of converting the 
circularly polarized light into a linearly polarized light or for another purpose. Although this retardation film may be one 
showing suitable retardation, a quarter wavelength plate is preferably used from the standpoint of efficiently convertina 
a circularly polarized light into a linearly polarized light. 
5 [001 1 ] The quarter wavelength plate may be an appropriate one. However, one which functions as a quarter wave- 
length plate in a wide wavelength range such as, e.g., the visible light region can be obtained, for example by a method 
in which a retardat.on layer functioning as a quarter wavelength plate with respect to a monochromatic light e g light 
having a wavelength of 550 nm, is superposed on a retardation layer showing other retardation properties e'q a 
retardation layer functioning as a half wavelength plate. Consequently, the retardation film or the quarter wavelength 
10 plate may comprise one or more retardation layers. 

[0012] In this connection, the retardation films or retardation layers described above can be obtained for example 
as a birefnngent film consisting of a stretched film of any of various polymers, an oriented film of a liquid crystal polymer 
such as a discotic or nematic liquid crystal polymer, a structure comprising such an oriented liquid crystal layer sud- 
ported on a film substrate, or the like. 1 v 

is [0013] Suitable polymers may be used for forming the birefringent film. Examples thereof include olefin polymers 
such as polyethylene, polypropylene, and polyolefins having a norbornene structure, polyester type polymers acrylic 
polymers such as poly (methyl methacrylate), cellulosic polymers, polyamides, polyimides, polysulfones polyethersul- 
fones, polyetheretherketones, poly(phenylene sulfide), polyvinyl alcohol), polyvinyl chloride), polyvinyl butyrate) 
polycarbonates, polystyrene, polyarylates, polyoxymethylene, and the like. 

[0014] The stretched film may be one which has undergone a uniaxial, biaxial, or another treatment in an appropriate 
manner, and may be a birefringent film or the like whose refractive index in the film thickness direction has been 
regulated, for example, by applying a shrinking force or/and a stretching force to the film bonded to a heat-shrinkable 
film. 

[0015] The diffusing layer can be formed as, e.g., a resin layercontaining transparent fine particles. As the transparent 
fine particles can be used one ormore appropriate materials. In general, however, use is made of inorganic fine particles 
wh.ch may be electrically conductive, such as silica, alumina, titania, zirconia, tin oxide, indium oxide, cadmium oxide 
or antimony oxide, organic fine particles such as cured or uncured resin particles, or the like 

[0016] The diffusing layer comprising a resin layer can be obtained as an appropriate form such as a coating layer 
formed through coating on the reflective polarizer or retardation film, a resin film containing transparent fine particles 
or a diffusing sheet comprising the resin layer supported on a substrate. As the resin containing or holding transparent 
fine particles can be used appropriate one or more of, for example, the polymers enumerated above with regard to the 
retardation film described above, thermosetting or ultraviolet-curable resins such as phenolic, melamine acrylic ure- 
thane, urethane-acrylic, epoxy, and silicone resins, and the like. 

[0017] The coloration of the diffusing layer in viewing from a slantwise direction can be controlled based on the 
part.de diameter and content (particle density) of the fine transparent particles, difference in refractive index between 
the res.n and the transparent fine particles, etc. The average particle diameter of the transparent fine particles to be 
used can hence be suitably determined according to the coloration, etc. In general, transparent fine particles having 
? n n n «f a ?-t PartlCle diameter of 50 V™ or smaller - Preferably from 0.1 to 20 nm, especially from 0.5 to 1 0 nm, are used 
[0018] The content of transparent fine particles also is suitably determined according to the coloration etc In general 
however, transparent fine particles are incorporated in an amount of up to 200 parts by weight, preferably from 1 to 
100 parts by weight, especially from 5 to 50 parts by weight, per 100 parts by weight of the resin. Although the resin 
layer generally has a thickness of 500 nm or smaller, preferably from 1 to 200 u.m, especially from 5 to 100 u/n the 
thickness thereof is not limited to these. ' 
[0019] In the invention, the reflective polarizer and the diffusing layer are used in such a combination that when they 
are viewed from a slantwise direction, the respective colors thereof are complementary. Namely, they are used in such 
a combination that when the reflective polarizer and the diffusing layer are independently viewed from a slantwise 
cl.rect.on, the respective colors thereof are complementary. Based on thiscomplementariness, these colors are negated 
by each other and the diffusing/polarizing member as a whole can be reduced in coloration (made neutral) 
[0020] With respect to the superposition of the reflective polarizer and the diffusing layer, they may be in a merely 
stacked state or may have been bonded and fixed to each other with an appropriate adhesive, e.g., a pressure-sensitive 
adhesive layer. By using the aforementioned coating, a diffusing layer tenaciously adhered to a reflective polarizer or 
the like can be obtained without necessitating an adhesive. 

[0021 ] With respect to the position of the diffusing layer relative to the reflective polarizer, the diffusing layer may be 
disposed on the viewing side of the reflective polarizer or may be disposed on the side opposite to the viewing side 
In the case where a retardation film is used in combination with these, it may be disposed between the reflective 
polanzer and the diffusing layer, or may be disposed so that the diffusing layer is located between the reflective polarizer 
and the retardation film. 

[0022] The diffusing/polarizing member may additionally have a light-absorbing layer. In reflective or semi-transmit- 
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ting liquid crystal displays fabricated with a reflective polarizer, there are cases where the light which has passed 
through the reflective polarizer is reflected by, e.g., the surface of an underlying layer and the resultant unnecessary 
return light lowers the level of black pictures and reduce the contrast. The light-absorbing layer is hence used for the 
purpose of absorbing the unnecessary return light and thereby preventing the contrast from decreasing. Consequently, 

5 the light-absorbing layer is disposed on that side of the diffusing/polarizing member which is opposite to the viewing side. 
[0023] The light-absorbing layer can be formed according to a technique used hitherto. Examples thereof include a 
resin layer, resin film, or the like which has one or more appropriate light-absorbing substances, e.g., carbon black and 
dyes, incorporated therein or held thereon by an appropriate technique, e.g., the dispersion method or coating method. 
[0024] The light transmittar.ee of the light-absorbing layer can be suitably determined according to the liquid crystal 

10 display to be fabricated, etc. In general, in the case where a reflective liquid crystal display is to be fabricated, it is 
preferred to form a light-absorbing layer having a light transmittance of 1% or lower. In the case where a semi-trans- 
mitting liquid crystal display is to be fabricated, it is generally preferred to form a light-absorbing layer having a light 
transmittance of from 1 0 to 60%. 

[0025] The diffusing/polarizing member according to the invention can be used in various applications such as the 

15 fabrication of semi-transmitting, reflective, or transmitting liquid crystal displays. In particular, the diffusing/polanzing 
member is suitable for use in the fabrication of semi-transmitting or reflective liquid crystal displays and in similar 
applications. In fabricating a liquid crystal display, the diffusing/polarizing member of the invention is usually disposed 
on that side of a liquid crystal cell which is opposite to the viewing side, e.g., between a liquid crystal cell and an 
illuminator. However, the diffusing/polarizing member may be disposed on the viewing side of a liquid crystal cell. 

20 [0026] In Figs. 1 and 2 are shown examples of the structures of liquid crystal displays fabricated. Figs. 1 and 2 
respectively show a reflective and semi-transmitting liquid crystal display as examples. Numeral 1 denotes a diffusing/ 
polarizing member, 2 a liquid crystal cell, 3 an absorbing polarizer, and 4 an illuminator. The diffusing/polarizing member 
1 shown in Fig. 1 is one employing a linearly polarized light separator 1 2, while the diffusing/polarizing member 1 shown 
in Fig. 2 is one employing a circularly polarized light separator 15. Incidentally, 11 denotes a diffusing layer, 13 and 16 

25 a light-absorbing layer, and 14 a retardation film (quarter wavelength plate). 

[0027] A liquid crystal display can be fabricated in a manner used hitherto, except that the diffusing/polarizing member 
according to the invention is used. Consequently, any desired liquid crystal cell may be employed. For example, liquid 
crystal cells of appropriate types such as the active matrix operation types, represented by thin film transistor type, or 
the passive matrix operation types, represented by twisted nematic type and super twisted nematic type, can be used 

30 to fabricate various liquid crystal displays. 

[0028] Besides the absorbing polarizer 3 shown in the Figures, one or more appropriate parts can be disposed in 
suitable positions according to need in fabricating a liquid crystal display. Examples of such parts include a prism array 
sheet or lens array sheet for optical path control or another purpose, a retardation film for phase difference compen- 
sation, a light diffuser plate, a backlight, and the like. 

35 [0029] The absorbing polarizer is used according to need for the purpose of, e.g., controlling the polanzation of a 
linearly polarized light constituting a display light. As this absorbing polarizer can be used an appropriate one which 
transmits a linearly polarized light having a given polarization direction and absorbs the other components of light. 
There are no particular limitations on the kind thereof. Examples thereof include polarizing films such as that obtained 
by adsorbing iodine and/or a dichroic dye onto a hydrophilic polymer film, such as a poly (vinyl alcohol) film, film of 

40 poly (vinyl alcohol) which has undergone partial conversion into formal, or film of a partially saponified ethylene/vinyl 
acetate copolymer, and then stretching the film and that obtained by orienting a polyene such as dehydrated polyvinyl 
alcohol) or dehydrochlorinated polyvinyl chloride), and the like. 

[0030] Furthermore, the absorbing polarizer may be one obtained by forming a transparent protective layer on one 
or each side of the polarizing film for the purpose of protection, e.g., water resistance improvement, reinforcement, 
45 etc. For forming the transparent protective layer, it is preferred to use a polymer excellent in transparency, mechanical 
strength, thermal stability, water barrier property, etc. 

[0031] In this connection, examples of the polymer include cellulosic polymers such as cellulose diacetate and cel- 
lulose triacetate, polyester type polymers such as polyethylene terephthalate) and polyethylene naphthalate), poly- 
ethersulfones, polycarbonates, polyamides, polyimides, polyolefins, acrylic resins, thermosetting or ultraviolet-curable 
so resins such as acrylic, urethane, acrylic-urethane, epoxy, and silicone resins, and the like. For forming the transparent 
protective layer, an appropriate technique can be used, such as coating with a polymer fluid or laminating of a film by 
bonding. 

[0032] As stated above, the constituent layers which constitute the diffusing/polarizing member or liquid crystal dis- 
play according to the invention, such as the reflective polarizer, diffusing layer, retardation film, and absorbing polarizer, 
55 may wholly or partly be in a merely stacked state. It is, however, preferred that the constituent layers have been bonded 
and fixed to each other with an adhesive or the like from the standpoints of preventing axis shifting, preventing foreign 
substances from coming into spaces between the layers, etc. 

[0033] As the adhesive can be used an appropriate one such as, e.g., a pressure-sensitive adhesive comprising an 
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appropriate polymer such as an acrylic polymer, silicone polymer, polyester, polyurethane, polyether, synthetic rubber, 
or the like as the base polymer. Especially preferred are pressure-sensitive adhesives, such as acrylic ones, which 
have excellent optical transparency, show pressure-sensitive adhesive properties including moderate wetting proper- 
ties, cohesiveness, and adhesiveness, are excellent in weatherability, heat resistance, etc., and do not pose problems 
such as lifting and peeling under high temperature or high humidity conditions. 

[0034].. In this connection, examples of the acrylic pressure-sensitive adhesives include ones comprising as the base 
polymer an acrylic polymer having a weight average molecular weight of 1 00,000 or higher obtained by copolymerizing 
acrylic monomers comprising an alkyl (meth)acrylate having an alkyl group having up to 20 carbon atoms, e.g., methyl, 
ethyl or butyl, and one or more modifying ingredients such as (meth)acrylic acid and hydroxyethyl (meth)acrylate in 
such a combination as to result in a glass transition temperature of 0°C or lower, and the like. However, the acrylic 
pressure-sensitive adhesives are not limited to these. 

[0035] For forming a pressure-sensitive adhesive layer on the reflective polarizer or another constituent part, an 
appropriate technique may be used, such as, e.g., a method in which a pressure-sensitive adhesive fluid is applied by 
a suitable spreading technique such as, e.g., flow casting or coating to directly form a pressure-sensitive adhesive 
layer or a method in which a pressure-sensitive adhesive layer is formed on a separator in the same manner as de- 
scribed above and is then transferred. In this case, a pressure-sensitive adhesive layer can be formed on one or each 
side of the reflective polarizer or another constituent part, and the pressure-sensitive adhesive layer formed may be 
composed of two or more superposed layers differing in composition, kind, etc. In the case where a pressure-sensitive 
adhesive layer is formed on each side, the pressure-sensitive adhesive layers formed respectively on the front and 
back sides of the reflective polarizer or another constituent part may differ in composition, kind, etc. 
[0036] The adhesive layer thickness of the pressure-sensitive adhesive layer or the like can be suitably determined 
according to adhesive strength, etc. It is generally from 1 to 500 jim. In the case where the pressure-sensitive adhesive 
layer is exposed on the outer side of the reflective polarizer or another constituent part, it is preferred to provisionally 
cover the adhesive surface with a separator or the like to thereby prevent fouling, etc. 

Examples 
EXAMPLE 1 

[0037] A diffusing sheet was bonded through an acrylic pressure-sensitive adhesive layer to one side of a reflective 
polarizer (PCF350, manufactured by Nitto Denko Corp.) formed by bonding a quarter wavelength plate through an 
acrylic pressure-sensitive adhesive layer to one side of a circularly polarized light separator comprising a cholesteric 
liquid crystal. Thus, a diffusing/polarizing member was obtained. The diffusing sheet was one which consisted of an 
acrylic resin having a refractive index of 1 .48 and incorporated therein melamine resin particles having an average 
particle diameter of 0.4 urn and a refractive index of 1 .58 (30 parts by weight per 100 parts by weight of the acrylic 
resin) and which assumed a light blue color when viewed from a slantwise direction. The reflective polarizer assumed 
a light yellow color when viewed from a slantwise direction. 

EXAMPLE 2 

[0038] A reflecting sheet which co nsisted of an acrylic resin having a refractive index of 1 .48 and incorporated therein 
epoxy resin particles having an average particle diameter of 1 .1 u,m and a refractive index of 1 .53 (30 parts by weight 
per 100 parts by weight of the acrylic resin) and which assumed a light green color when viewed from a slantwise 
direction was bonded through an acrylic pressure-sensitive adhesive layer to one side of a reflective polarizer com- 
prising a linearly polarized light separator (DBEF, manufactured by 3M) which assumed a light red color when viewed 
from a slantwise direction. Thus, a diffusing/polarizing member was obtained. 

COMPARATIVE EXAMPLE 

[0039] A diffusing/polarizing member was obtained in the same manner as in Example 1 , except that as a diffusing 
sheet, use was made of one which consisted of an acrylic resin having a refractive index of 1 .48 and incorporated 
therein silicone resin particles having an average particle diameter of 4 urn and a refractive index of 1 .43 (30 parts by 
weight per 1 00 parts by weight of the acrylic resin) and which assumed a light-yellow color when viewed from a slantwise 
direction. 

EVALUATION TEST 

[0040] The diffusing/polarizing members obtained in the Examples and Comparative Example were viewed from a 
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slantwise direction and examined for coloration. The results obtained are shown in the following table. 





Reflective Polarizer 


Diffusing sheet 


Diffusing/ polarizing member 


Evaluation 


Example 1 


Light yellow 


Light blue 


Colorless 


Good 


Example 2 


Light red 


Light green 


Colorless 


Good 


Comparative Example 


Light yellow 


Light yellow 


Yellow 


Poor 
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Industrial Applicability 

[0041] In the diffusing/polarizing member of the invention, the color of the reflective polarizer viewed from a slantwise 
direction can be negated by the color of the diffusing layer, these colors being complementary, whereby the member 
as a whole can be reduced in coloration when viewed from a slantwise direction. Thus, a liquid crystal display reduced 
in display unevenness, e.g., coloration in viewing from a slantwise direction, can be provided. 
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Claims 

1 . A diffusing/polarizing member, characterized in that it comprises a laminate of a reflective polarizer which sep- 
arates incident natural light into a reflected light comprising a polarized light and a transmitted light, and a diffusing 
layer, and the reflective polarizer and the diffusing layer, when viewed from a slantwise direction, have respective 
colors which are complementary. 

2. The diffusing/polarizing member of claim 1 , wherein the reflective polarizer comprises a linearly polarized light 
separator, a circularly polarized light separator, or a combination of a circularly polarized light separator and a 
retardation film. 

3. The diffusing/polarizing member of claim 2, wherein the retardation film is a quarter wavelength plate. 

4. The diffusing/polarizing member of any one of claims 1 to 3, which further has a light-absorbing layer. 

5. The diffusing/polarizing member of claim 4, wherein the light-absorbing layer has a light transmittance of 1% or 
lower. 

6. The diffusing/polarizing member of claim 4, wherein the light-absorbing layer has a light transmittance of from 10 
to 60%. 

7. A liquid crystal display, characterized by having the diffusing/polarizing member of any one of claims 1 to 3. 

8. A liquid crystal display, characterized by having the diffusing/polarizing member of claim 4. 

9. A reflective liquid crystal display, characterized by having the diffusing/polarizing member of claim 5. 

10. A semi-transmitting liquid crystal display, characterized by having the diffusing/polarizing member of claim 6. 
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Pig. 1 




Fig. 2 
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